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Objectives: The present multicentre study assessed the prevalence and patterns of impacted and transmigrated maxillary and 
mandibular canines in a Turkish subpopulation. 
Methods: The study identified 1625 patients who had impacted teeth from a group of 10,700 patients (referred to three 
university hospitals between January 2014 and December 2015) and examined the accompanying records, panoramic and 
periapical radiographs, and cone-beam computed tomographic images (if available). An impacted canine was considered to be 
transmigrated when at least part of the tooth had crossed the midline. 
Results: Out of 1625 patients, 163 (10.0%) had impacted canines (comprising a total of 170 affected teeth). Impacted canines 
were found in the maxilla in 114 patients (69.9%) and 49 patients (30.1%) showed mandibular canine impaction. Thirty-eight 
patients (2.3%) had transmigrated canines, of which twenty (52.6%) were located in the mandible, while 18 (47.4%) were found 
in the maxilla. No significant difference was evident between the genders, the site (right/left) and the impacted/transmigrated 
canines (p > 0.05). However, it was determined that canine impaction was significantly more frequent in the maxilla than in the 
mandible (p < 0.05). In addition, of the 38 patients presenting with transmigrated canines, eight (21.6%) had a history of alpha 
thalassemia. 
Conclusions: Canine transmigration occurs in both the mandible and maxilla. The prevalence of impacted/transmigrated canines 
in the studied population was 10.0% and 2.3%, respectively. The mechanism of transmigration of maxillary canines remains 
unclear and requires further investigation. However, a possible correlation with genetic disorders (like alpha thalassemia) should 
not be overlooked. 
(Aust Orthod J 2017; 33: 170-178)
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Introduction
The impaction of a permanent tooth is a frequent 
dental finding.1-4 Torres-Lagares et al.5 defined a 
‘retained’ tooth as one that had failed to exfoliate and 
its successor failed to erupt more than one year after 
expected emergence age. Several studies have reported 
the prevalence and numbers of impacted teeth, varying 
from 6.9% to 76.6%.3-6 If third molars are excluded, 
the prevalence is 5.6% to 18.8%.6,7 This large range is 
likely due to the examination of varying age groups, 
the recruitment of inconsistent numbers of patients, 
and the use of different determination methods. The 
most commonly impacted teeth are the third molars 
and, in order, the maxillary canines, maxillary central 
incisors, and premolars.8-11
The canines are important teeth for the establishment 
and maintenance of the form, function, and aesthetics 
of the dentition.12,13 Permanent canine impaction 
is relatively common and has been extensively 
reported.7,14-18 Impacted mandibular canines occur 
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less frequently compared with maxillary canines 
and claim a prevalence of 0.8–3.6% in the general 
population.7,14-18 Palatal impaction comprises 85% 
of ectopically-positioned maxillary canines.19,20 
Moreover, in a study of 107 children with 156 ectopic 
maxillary canines, Ericson and Kurol21 found 50% 
were lingually or distolingually positioned, 18% were 
distobuccal, and 21% were buccally related to the 
roots of the adjacent lateral incisor.21
Transmigration, defined as the crossing of an impacted 
tooth beyond the arch midline, is a much rarer 
occurrence.16 Although transmigrated mandibular 
canines have been reported,22-29 maxillary canine 
transmigration, first described by Aydin et al.,14 is 
rare, with an identified frequency of 0.1–0.34%.22,30 
However, few studies have examined maxillary 
transmigrated teeth.14,22,26,31,32
The use of the term transmigration is controversial. 
Tarsitano et al.33 defined transmigration as the 
condition in which the entire length of the impacted 
canine had migrated across the midline, whereas 
Javid30 suggested that only half of the length of the 
tooth across the midline would qualify. Although 
Vuchkova et al.29 supported this definition, Auluck et 
al.23 suggested that it is not the distance of migration 
that is important, but rather the tooth’s tendency to 
cross the midline.
There are several theories regarding canine impaction, 
which include the ectopic position of the tooth-
germ, a lack of space, a lack of eruptive guidance, or 
genetic factors.12,34-36 However, the specific aetiology 
of the transmigration of impacted canines remains 
unknown. Possible aetiological factors include trauma, 
heredity, a long eruption path, a loss of primary teeth, 
disharmony of tooth size, insufficient alveolar arch 
length, and odotomas.26
It has been postulated that the prevalence of canine 
impaction varies between populations, and even 
between population regions.18 Numerous reports 
of the Turkish population have been published, 
yet the findings reveal considerable national 
variation.14,17,18,22,24,26,27,30,31,37-39
Therefore, the aim of the present study was to deter- 
mine the characteristics of impacted and transmigrated 
canines. It was intended to conduct a multicentre 
study to evaluate the prevalence, pattern, and demo-
graphic clinical and radiographic variables in a Turkish 
population.
Materials and methods
The records of 1625 patients who had impacted 
teeth were identified from a larger group of 10,700 
patients referred to three university hospitals between 
January 2014 and December 2015. Periapical and 
panoramic radiographs of all patients were examined 
independently by three dentomaxillofacial radiologists, 
each with at least six years experience. All patients 
were informed about the investigation and gave their 
informed consent prior to the examinations according 
to the principles of the Helsinki Declaration, incl-
uding all amendments and revisions. Collected data 
were noted and only accessible to the investigators.
The study was a retrospective evaluation of conven-
tional radiographs and patient records, and also cone-
beam computed tomography scans (CBCT), if avail-
able. The CBCT images were included if they were 
acquired to supplement conventional radiography. All 
evaluations were performed on a 21.3-inch flat panel 
color active matrix TFT medical display (Nio Color 
3MP, Barco, Belgium) with a resolution of 2048 × 
1536 at 76 Hz and 0.2115 mm dot pitch operated 
with colour supported 30 bit.
The numbers, positions, and locations (right/left) of 
impacted/transmigrated canines, as well as patient 
gender, age, retained deciduous canines, and any other 
associated pathology, were noted after a retrospective 
evaluation the patients’ general histories, clinical and 
radiographic records. 
If the patient was older than 16 years and the tooth 
was not visible in the oral cavity, it was classified as 
impacted.14 An impacted canine was considered 
transmigrated when at least part of its length had 
crossed the midline.16,31 
The position of a maxillary and mandibular impacted 
canine and the transmigration of these teeth were 
classified according to location (right or left) and 
gender, both in the maxilla and mandible (similar 
to Mupparapu’s classification38 in the mandible) 
according to:
Type 1: Mesioangular – in a mesioangularly-impacted 
position.
Transmigration; transmigrated across the midline 
within the skeletal base, labial, or lingual to the 
anterior teeth, and with the crown portion of the 
tooth crossing the midline.
Type 2: Distoangular – in a distoangularly-impacted 
position. 
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Transmigration; transmigrated across the midline 
within the skeletal base, labial, or lingual to the 
anterior teeth, but with the root portion of the tooth 
crossing the midline. 
Type 3: Horizontal – impacted horizontally near 
the inferior border of the mandible or impacted 
horizontally below the incisor apices in both the 
maxilla and mandible.
Transmigration; horizontally transmigrated across the 
midline within the respective jaw.
Type 4: Vertical – positioned vertically in the midline 
either in the maxilla or in the mandible. 
Transmigration; the tooth’s long axis crossing the 
midline.
Type 5: Inverted – the canine crown facing the 
mandibular inferior border or nasal cavity in the 
maxilla (canine transposed upside-down) in the same 
quadrant of the respective jaw.
Type 6: Buccolingually impacted – impacted either 
buccally or lingually from its original location in the 
same jaw quadrant.
Statistical analysis
Statistical agreement between age-related variation and 
normal distribution was tested using the Shapiro-Wilk 
test. The descriptive statistics of age-related variables 
are shown as medians (interquartile range – IQR). 
The gender, numbers of impacted teeth and their 
positions are indicated as numbers and percentages 
(N, %). The Mann–Whitney U test was used to 
conduct a statistical comparison between gender and 
age groups. Cross tabs were computed for the locations 
and positions of impacted teeth. The chi-square test 
was used to evaluate differences between age groups 
and the position and prevalence of the impacted teeth. 
Statistical analyses were performed using SPSS for 
Windows version 15.0 (SPSS, IL, USA). A value of p 
≤ 0.05 was considered as statistically significant.
No inter- or intra-examiner investigation was under- 
taken because the diagnosis of impaction and 
transmigration was an objective assessment. However, 
the examiners were calibrated to identify impacted/
transmigrated canines in 200 panoramic and 50 
periapical radiographs. All radiographic data collected 
on patients with impacted canines were shared 
between the investigators to obtain a final consensual 
diagnosis.
Results
The current study retrospectively reviewed the data of 
10,700 patients. From this population, 1625 patients 
were identified with impacted or transmigrated teeth. 
Of these, 816 (50.2%) were female, while 809 (49.8%) 
were male. The patients ranged in age from 16 to 73 
years. The females’ mean age was 43.0 (IQR = 29.0) 
years, while males had a mean age of 45.0 (IQR = 
28.0) years; the age difference was not significant (Z 
= 1.560, p = 0.119). Although patient age was not 
normally distributed (W = 0.946, p < 0.001), the male 
and female age groups were similar and the groups 
balanced (Table I).
The group distributions of impacted and transmigrated 
canines according to location and gender are shown 
in Table II. Of 1625 patients, 163 (10.0%) had an 
impacted canine (with a total of 170 affected teeth). 
Of the 163 patients, 76 (48.5%) were male and 87 
(51.5%) were female. Impacted canines were found in 
the maxilla in 114 patients (69.9%) while 49 patients 





N % Mean age (IQR) N % Mean age (IQR) N %





30 – 39 years 153 18.8 153 18.9 306 18.8
40 – 49 years 154 18.9 153 18.9 307 18.9
50 – 59 years 104 12.7 120 14.8 224 13.8
≥60 years 153 18.8 154 19.0 307 18.9
Total 816 100.0 809 100.0 1625 100.0
Table I.  The distribution of patients according to gender and age groups. P value showing no statistical difference between male and female patients’ 
mean age.
p value = (Z = 1.560; p = 0.119)
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According to gender, males had impacted canines, in 
2.7% of the sample, present in the mandible and 6.7% 
in the maxilla (p = 0.03), while the corresponding 
values for females were 3.3% and 7.4% (p = 0.02), 
respectively.
In total, 170 impacted canines were detected in 163 
patients. Of the impacted canines, 24 were on the right 
and 25 on the left in the mandible compared with 63 
and 58, respectively, in the maxilla. Seven patients had 
bilaterally impacted canines while 156 were unilateral. 
There were no significant gender differences related 
to the impacted canines (p = 0.838) (Table III). 
Figure 1 illustrates the distribution of impacted 
and transmigrated canines. Canine impaction and 
transmigration were more frequent in those under 
29 years of age, but the differences between the age 
groups were not significant.
The positions of maxillary and mandibular impacted 
teeth were classified according to location (right or 
left) and gender. A mesioangular position of impacted 
canines was the most common displacement in the 
maxilla, while a vertical position was most commonly 
found in the mandible. No significant gender or 
location difference (p > 0.05) was identified, but 
maxillary canine impaction was significantly more 
frequently evident compared with mandibular canine 
impaction (p < 0.05) (Table IV).
Thirty-eight patients (2.3%) had transmigrated 
canines. Twenty (52.6%) transmigrated canines were 
located in the mandible, while 18 (47.4%) were in 
the maxilla (Figures 2, 3). All identified transmigrated 
canines were unilateral in nature. The positions of the 
maxillary and mandibular transmigrated impacted 
teeth were also classified according to location (right 
or left) and gender (Table IV). A mesioangular 
position was the second most frequently discovered 
following horizontal position for transmigrated 
canines in both the maxilla and mandible (Figures 
4–6). There was no significant gender difference (p > 
0.05). It was noted that eight patients (21.1%) who 
had transmigrated maxillary canines were also affected 
by alpha thalassemia. 
Although pathology associated with impacted canines 
was not investigated in the present study, the CBCT 
images of those who had impacted canines (whether 









Canine impaction 163/1625 10.0 76 87






    Mandibular canine 49/163 30.1 22 27
Canine transmigration 38/163 23.3 17 21




12            
0.70   
    Mandibular transmigration 20/38 52.6 11 9
Table II.  Distribution of canine impaction in the study group according to location and gender.
* Indicates statistical significance (p ≤ 0.05)
Figure 1. The distribution of impacted and transmigrated canine teeth.
Number of impacted canine
Gender Unilateral N (%) Bilateral N (%) Total N (%) P value
Female 83 (95.4) 4 (4.6) 87 (100.0)
p = 0.838Male 73 (96.0) 3 (4.0) 76 (100.0)
Total 156 (95.7) 7 (4.3) 163 (100.0)
Table III.  Number of patients with impacted canine according to genders.
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Mandible Maxilla
Impacted canine* Transmigration Impacted canine* Transmigration




None 797 / 804 – 781 / 781 –
Distoangular – – – –
Vertical 6 / 3 – 8 / 3 1 / 0
Mesioangular 6 / 6 5/ 3 18 / 25 1 / 6
Horizontal 0 / 3 – 2 / 7 1 / 2
Buccolingual – – – –
Inverted – – – –
Total 809 / 816 5 / 3 809 / 816 3 / 8
Le
ft
None 799 / 801 – 780 / 787 –
Distoangular – – – –
Vertical 2 / 4 – 8 / 5 –
Mesioangular 7 / 8 5 / 3 19 / 19 3 / 3
Horizontal 1 / 3 1 / 3 2 / 4 0 / 1
Buccolingual – – 0 / 1 –
Inverted – – – –
Total 809 / 816 6 / 6 809 / 816 3 / 4
Table IV.  The distribution of impacted and transmigrated canine teeth according to maxilla and mandible.
* Maxillary canine impaction was significantly more frequently apparent than mandibular canine impaction (p < 0.05).
** Male/Female
Figure 2. Panoramic radiograph of a 46-year-old patient showing a 
horizontal canine transmigration in the maxilla. 
Figure 3. Panoramic radiograph of a 24-year-old patient who 
complained of pain due to a canine that transmigrated from left to right 
quadrant.
Figure 4. 3D CBCT image with sagittal slices showing the location of the transmigrated maxillary canine in detail.
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Discussion
Multicentre study designs have several advantages over 
single-site studies, and include the opportunity for 
larger sample sizes in different geographic locations, 
and the possibility of a wider range of population 
groups, offering an increased validity of the findings. 
In many cases, prevalence can vary significantly 
between population groups of different genetic, 
environmental, and ethnic or cultural backgrounds; in 
essence, demographic factors, which can usually only 
be evaluated in geographically widespread trials.40
Most studies of impacted and transmigrated teeth have 
been conducted in a single centre,14,16-18,24-28,31-33,41-43 
and few comprehensive studies are available.22,23,39,33,44 
Chu et al.1 investigated the prevalence of impacted 
Figure 5. Panoramic radiograph of a patient showing transmigration of 
the right mandibular canine.
Figure 6. The CBCT axial, paraxial slices and 3D images revealed transmigration of the mandibular left canine.
transmigrated or not) revealed resorption of adjacent 
teeth in 18 patients, which went undetected on 
conventional radiographs. However, no further 
comparison of the conventional and CBCT images of 
those patients was undertaken.
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teeth and their orientations, but did not mention 
transmigration. Aktan et al.22 reported canine trans-
migration together with that of other impacted teeth; 
however, no note was recorded of their orientations. 
The present comprehensive study investigated the 
prevalence of maxillary and mandibular impacted and 
transmigrated canines together with their positions.
As found previously, canine impaction is more 
prevalent in the maxilla compared with the mandible. 
Shah et al.6 found eight (0.1%) transmigrated 
mandibular canines, 4.1% maxillary canine impactions 
and 0.45% mandibular canine impactions in 7,886 
individuals. Aktan et al.22 found a prevalence of 0.3% 
for transmigrated mandibular canines and 0.14% for 
maxillary transmigrated canines, while Aydin et al.14 
found a prevalence of 3.6% for impacted canines. 
Gündüz and Çelenk17 reviewed the records of 12,000 
patients and found 13 (0.1%) transmigrated canines 
in 4.5% of impacted canine cases. Aras et al.31 found 
12 transmigrated maxillary canines among 6,000 
individuals, while Zvolanek39 failed to find any cases 
in 4,000 individuals. The current study found 170 
(1.6%) impacted canines in 10,700 individuals, with 
38 (0.4%) transmigrated canines. Additional studies 
reported no significant variations in the prevalence 
and distribution of impacted canines.14,17,24,27,31 
However, in the present study, maxillary canine 
impaction was significantly more frequently observed 
than mandibular canine impaction (p < 0.05).
Since almost all canine transmigrations are asymp-
tomatic, diagnosis is usually determined by routine 
radiographic assessment.14,16,24,38 A few patients might 
complain of pain, infection, swelling, or cyst forma-
tion resulting from either impacted or transmigrated 
canines.34-36,41,45-47 Joshi41 indicated that nearly all 
transmigrated mandibular canines were totally em-
bedded. Aydin et al.14 reported one partially erupted 
maxillary transmigrated canine in 14 transmigrated 
canine cases. Partial eruption is mentioned in only 
5% of cases6 but, contrarily, the present study deter-
mined that all the transmigrated canines were totally 
impacted, unerupted and asymptomatic.
Although there was no attempt to identify or classify 
any associated pathology or compare CBCT and 
conventional radiographs, the CBCT examinations 
revealed resorption of the adjacent teeth in 18 patients. 
This was not detected on conventional radiographs 
and it must be appreciated that an impacted canine 
can cause severe resorption of adjacent teeth. Since 
periapical and panoramic radiographs are two-
dimensional images of three-dimensional (3D) 
structures, the superimposition of adjacent structures 
can obscure the visibility of teeth. Following the 
development of CBCT, dentoalveolar imaging using 
reduced radiation is possible, which provides more 
accurate results. Recent studies have recommended 
that a dental CBCT scan be taken to assess impacted 
teeth and provide 3D regional visualisation to 
clarify the relationships between the impacted teeth 
and adjacent structures.48-50 It is suggested that 
further studies should compare CBCT images and 
conventional radiographs derived from larger patient 
samples.
Eight (21.6%) from a study group of 38 patients 
from Northern Cyprus presenting with transmigrated 
maxillary canines also had alpha thalassemia. The 
thalassemias are a diverse group of genetic blood 
disorders51,52 which are inherited anaemias caused by 
mutations at the globin gene loci on chromosomes 
11 and 16. The production of the α- and β-globin 
proteins are affected53,54 and it has been speculated that 
a common genetic defect might give rise to different 
phenotypic manifestations, including missing, 
malformed, and even ectopic and malpositioned 
teeth.55,56
Thalassemia is observed chiefly in Mediterranean 
populations, with a prevalence as high as 15–20% 
in Greece, Turkey, Cyprus, and southern Italy.51 In 
addition to the great ethnic diversity of Northern 
Cyprus, consanguineous marriage, which contributes 
to the increased frequency of alpha thalassemia, 
remains common.55 Investigators have compared 
the radiographic changes of a group of thalassemic 
patients and concluded that short roots, taurodonts, 
an attenuated lamina dura, enlarged bone-marrow 
spaces, small maxillary sinuses, the absence of an 
inferior alveolar canal, and a thin cortex in the 
mandible were reliable diagnostic criteria.51
While the involvement of thalassemia major remains 
speculative, the current study suggests that thalassemia 
has a weak association with transmigrated canines 
and further studies of larger groups are required to 
reveal a relationship. In conclusion, the present study 
determined that canine transmigration occurs in both 
the mandible and maxilla with a prevalence of 10.0% 
and 2.3%, respectively. The mechanism of canine 
transmigration remains unclear.
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